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Fecal steroid measurement is a valuable non-invasive 25 tool for assessing reproduction, environmental stress, 26 and aggression in populations of captive and free-living 27 animals (reviewed in Whitten et al., 1998) . In captive 28 settings, fecal samples are collected and frozen imme-29 diately (Graham and Brown, 1996; Hamilton et al., 30 2000; Sousa and Ziegler, 1998; Wallner et al., 1999) . 31 Fecal samples, as with most biological samples, are most 32 stable over time when stored at sub-zero temperatures 33 . When a cooling mechanism is 34 available, cold storage is the preferred method for fecal 35 sample preservation in the field. Some methods for 36 preserving feces in field conditions include immediate 37 freezing in liquid nitrogen Wasser et 38 al., 1988) , storage in ethanol in a )20°C freezer (Strier 39 and Ziegler, 1997; Wasser, 1996; Wasser et al., 1997) , 40 and field extraction, followed by storage of the extract at 41 sub-zero temperatures (Lynch et al., 2002; Stavisky et 42 al., 1995; Strier et al., 1999) . However, liquid nitrogen, 43 dry ice, or freezers are not always available in the field.
44 If the feces are not treated with preservatives or kept 45 in cold storage, naturally occurring bacteria and bacte-46 rial enzymes in feces decompose steroid metabolites 47 within hours after defecation 48 Wasser et al., 1988) . Wasser et al. (1988) demonstrated 49 that ethanol stabilizes fecal estrogens and progestins 50 over a period of 21 h at ambient temperatures, pre-51 sumably by killing bacteria and inactivating their asso-52 ciated enzymes. Subsequently, ethanol either alone or 53 with sodium azide has been used as a preservative for 54 short-term ambient temperature storage of fecal samples 55 (Strier and Ziegler, 1997; Wasser, 1996 ; Wasser et al., General and Comparative Endocrinology xxx (2002) xxx-xxx www.academicpress.com
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56 1997; Ziegler et al., 2000) or long-term storage for 5 57 months (Cavigelli, 1999) to 3.5 years (Curtis et al., 58 2000) . Other ambient temperature field storage tech-59 niques include oven-drying samples (Brockman and 60 Whitten, 1996; Brockman et al., 1998) . After oven-dry-61 ing, estradiol and testosterone showed complete stability 62 after 3 weeks, while progesterone showed less stability 63 (Brockman and Whitten, 1996) . Comprehensive tests of 64 the efficacy of these storage methods have not been 65 conducted , resulting in a scarcity 66 of practical information about viable storage techniques 67 under field conditions (Table 1) . 68
Our goal in this study was to determine the effects of 69 storage over the course of 180 days, on a well-mixed 70 pool of feces collected from a captive group of baboons. 71 Here, we present results from a study that examines the 72 long-term stability of fecal estrogen and glucocorticoid 73 metabolites from baboon samples in an ethanol solution 74 at ambient temperature (25°C) and at sub-zero tem-75 peratures ()20°C).
2. Materials and methods
77
For validation of assays, we used freshly collected 78 feces from wild-and captive-living baboons (Papio cy-79 nocephalus). For the storage experiment, to use a large 80 quantity of feces from which many replicates could be 81 analyzed across 180 days, we used approximately 1 kg 82 of feces, which was collected from 5 to 7 captive adult 83 male and female baboons. These individuals were 84 members of a group of approximately 60 individuals 85 that live in a large, semi-natural enclosure at Brookfield 86 Zoo (Chicago Zoological Society). As a result of tubal 87 ligation of females and vasectomies of males, no females 88 in the colony were pregnant or lactating at time. 
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123 the supernatant was transferred to a 2 ml polypropyl-124 ene storage tube with O-ring caps to prevent evapo-125 ration. We assessed our extraction recovery of 126 corticosterone, and estradiol by adding 10,000 cpm 127 125 I-labeled hormone to dry feces and incubating the 128 mixture at ambient temperature for, 1 h prior to 129 methanol extraction. 130
The methanol fecal extracts were stored at )20°C 131 until they were assayed. Fecal samples were assayed in 132 duplicate, the results were averaged across duplicates, 133 and hormone concentrations were expressed as nano-134 grams of hormone per gram of dry fecal matter. 135
Fecal glucocorticoid radioimmunoassay (RIA). We 136 used a modified Corticosterone Kit for Rats and Mice 137 (ICN Diagnostics, Costa Mesa, 138 CA) . The primary antibody has high cross-reactivities 139 with the major cortisol metabolites present in baboon 140 feces (Goymann et al., 1999; Wasser et al., 2000) . This 141 antibody has been validated for use with the baboon; it 142 detects a rise in cortisol metabolites after a baboon is 143 presented with an ACTH challenge (Wasser et al., 144 2000) . 145 We validated the radioimmunoassay by running di-146 lutions of a fecal extract pool (1:2, 1:4, 1:8, 1:10, and 147 1:16) and comparing its slope to that of the standard 148 curve. Samples were diluted 1:10 in assay buffer, prior to 149 radioimmunoassay. Standards ranged from 0.125 to 150 5 ng/ml. Internal controls consisted of a pooled fecal 151 sample diluted 1:10 in assay buffer, frozen in small ali-152 quots, stored at )80°C, and two controls provided with 153 each kit, all of which were run in every assay. Intra-and 154 inter-assay coefficients of variation (%CV ¼ [mean/ 155 SD] Ã 100) were 4:4 AE 1:0% (mean AE SE) and 10.8 % for 156 the fecal extract pool ($0.8 ng/ml), 2:5 AE 0:5% and 8.7% 157 for a low concentration control, and 2:5 AE 0:5% and 158 9.8% for a high concentration control (n ¼ 7 for all 159 controls). Mean assay accuracy (observed/expected*100) 160 was 103:2 AE SE 5.1% (n ¼ 4) and was assessed by run-161 ning the 1.25 ng standard as a sample. 162
Fecal estrogens RIA. We used a modified Total Es-163 trogen Kit (ICN Diagnostics, 164 Costa Mesa, CA). Wasser et al. (1994) found that in the 165 female baboon, 10% of radio-labeled estradiol injected 166 into an individual was excreted in the feces with the 167 remainder excreted in urine. The original radio-labeled 168 estradiol was excreted in the feces as estradiol (36%), 169 estrone (44%), and estrone sulfate (20%; Wasser et al., 170 1994) . The primary antibody in this kit cross-reacts 171 100% with estradiol-17b and estrone, 9.0% with estriol, 172 7.0% with estradiol-17a, and 2.5% with equilin (ICN 173 Diagnostics). 174
Prior to analysis, fecal extracts were extracted using 175 solid-phase Oasis cartridges (Waters, Milford MA, 176 WAT094226; techniques modified by T. E. Ziegler, 177 University of Wisconsin). Fecal extract (300 ll) was 178 dried under nitrogen and reconstituted in 1 ml of 30% 179 methanol. Cartridges were conditioned with 1 ml of 180 100% methanol, followed by 1 ml distilled water. The 181 30% sample was loaded onto the cartridge, followed by 182 1 ml of a 20% methanol rinse. The steroids were eluted 183 off the column with 2 ml of 100% methanol, which was 184 collected, dried under nitrogen, and reconstituted in 185 300 ll of 90% methanol to return the sample to its 186 original volume in its original solute. 187 We validated the estrogen radioimmunoassay by 188 running a serial dilution (1:20-1:1280) of baboon fecal 189 extract pools and comparing the slope of the serial di-190 lution to that of the standard curve. Samples were di-191 luted 1:200 in assay buffer, prior to radioimmunoassay. 192 Standards ranged from 5 to 200 pg/ml. Intra-and inter-193 assay coefficients of variation were 4:5 AE 1:4 % and 9.0% 194 for a fecal extract pool ($60 pg/ml; n ¼ 7). Assay ac-195 curacy was 89:5 AE SE 3.9% (n ¼ 4) and was assessed by 196 running the 50 pg standard as a sample. Inter-assay and intra-replicate variabilities are un-231 likely explanations for the patterns of dynamic change 232 in either the fGC or fE studies. First, the maximum 233 percent change among quality control samples was 234 lower than the percent change observed among un-235 known samples stored at ambient and sub-zero tem-236 peratures (Table 2) . Second, while inter-replicate 237 variability was low at most time periods for both stud-238 ies, inter-replicate variability at peak fGC concentra-239 tions was 5-9 times higher than the variability observed 240 at other points in time. The increased variation at these 241 time points is probably caused by subtle differences be-242 tween the replicates, so that some were rising and others 243 were falling at these points in time. The increased vari-244 ation during peak concentrations cannot be attributed 245 to methodological vagaries because the quality controls 246 in these assays indicated high precision. Intra-assay 247 variation during peak concentrations, days 120, 135, 248 and 150, was 4:2 AE 1:2%. 
254 of samples for hormone analysis. Below, we discuss four 255 options for researchers who wish to work with fecal 256 steroids that were collected in difficult field situations. 257
First, these findings suggest rapid freezing of samples 258 when possible, and if freezing is not possible, keeping 259 samples at room temperature for no longer than 30 days if 260 the hormones of interest are glucocorticoids, and for a 261 shorter period if estrogens are the focus. If freezers are 262 available, long-term storage of fecal samples in ethanol at 263 )20°C is more preferable than storage at room temper-264 ature; however, ideally it should not exceed 90-120 days. 265
Both the glucocorticoid and estrogen experiments 266 might be interpreted as suggesting that ambient tem-267 perature storage for six months or longer may be ad-268 visable because the final concentrations of fGCs and fEs 269 were approaching those of initial concentrations. 270 However, before this strategy is employed one would 271 need to validate, for the species and hormones of in-272 terest, whether steroid metabolites measured after six 273 months at ambient temperature storage are an accurate 274 reflection of plasma steroid levels at initial sampling 275 time. Validation is necessary because molecules cross-276 reacting with the antibody after six months may not be 277 indicative of the physiological state of the animal at the 278 time of sampling if chemical changes occurred within 279 the sample. 280
The findings of the present study strongly point to the 281 value of future studies of storage during the first month. (Brockman and Whitten, 1996) , field extraction into 317 aqueous solutions (Lynch et al., 2002; Strier et al., 1999) , 318 or the addition of preservatives to the ethanol. 319 Fourth, the source of changes occurring during long-320 term storage may need to be identified to determine 321 exactly what actions are most appropriate to ameliorate 322 storage effects. Several possible explanations for the 323 changes reported here illustrate the potential importance 324 of identifying the source of changes. Stability studies of 325 glucocorticoids conducted in feces (Wasser et al., 1988) , 326 urine (Brown et al., 1995) , and pure preparations (Is-327 aksson et al., 2000) report steroid deterioration under 328 conditions of ambient temperature storage. The decline 329 in fGC and fE concentrations after 120 or 90 days, re-330 spectively, may be caused by deterioration of the me-331 tabolites. Paradoxically, however, our results show 332 increasing fecal hormone concentrations over a consid-333 erable time period. 334 The observed pattern of increasing concentrations 335 may be an artifact of using a group-specific antibody as 336 opposed to a highly specific cortisol or estradiol anti-337 body. A group-specific antibody cross-reacts with a 338 family of metabolites derived from the parent hormone 339 (Palme and Moestl, 1997; Schwarzenberger et al., 1997; 340 Wasser et al., 2000) , while a highly specific antibody 341 cross-reacts only with the parent hormone itself. Evi-342 dence that group-specific antibodies show different sen-343 sitivities to changing glucocorticoid or estrogen 344 metabolites over time is provided by this study and three 345 others. Studies using highly specific antibodies demon-346 strated deteriorating urinary cortisol metabolites 347 (Brown et al., 1995) and fecal estrogen metabolites 348 (Wasser et al., 1988) when samples were stored at am-349 bient temperature. In contrast, studies using group-350 specific antibodies (Palme and Moestl, 1997) showed 351 increasing fecal cortisol , this study) While the use of a group-specific antibody may have 355 made the observed changes greater, we do not suggest 356 that exclusive use of highly specific antibodies is neces-357 sary for fecal steroid measurements. Rather, the decision 358 to use a group-specific or highly specific antibody should 359 be determined by the hormone of interest and the ste-360 roid metabolism pathways in the study species. Storage 361 effects should be prevented through storage regimes that 362 are determined in part by what is chemically occurring 363 within the samples over time. Below, we discuss three 364 chemical explanations for our results, noting that these 365 explanations are not mutually exclusive. In Table 3 , we 366 present predictions for temporal and HPLC analyses of 367 samples subjected to a storage study similar to this one. 368 We also propose practical solutions for the laboratory 369 or field to ameliorate storage effects given each scenario. 370
First, the observed pattern may be caused by the eth-371 anol solution increasingly extracting metabolites from the 372 feces at ambient temperatures. This hypothesis questions 373 the assumption that spiking samples with pure corticos-374 terone or estradiol preparations prior to extraction is an 375 accurate measure of the extraction efficiency of all cortisol 376 or estradiol metabolites. It is possible that some immu-377 noreactive metabolites have lower extraction efficiencies 378 than pure preparations. Immunoreactive metabolites 379 with normally low extraction efficiencies might have a 380 higher extraction efficiency when stored in ethanol for 381 several months at ambient temperature. These metabo-382 lites would be deposited on the surface of the fecal ma-383 terial during ethanol evaporation step and freeze-drying 384 process, and would go into solution more easily during 385 the extraction step than if the sample had not undergone 386 long-term storage in ethanol (see Section 2). 387 Second, immunoreactive metabolites could be derived 388 from the breakdown or deconjugation of multiply con-389 jugated steroid metabolites into mono-conjugated or 390 unconjugated metabolites. In the baboon, 11% of fecal 391 cortisol metabolites are conjugated (Wasser et al., 2000) , 392 while 20% of estradiol is excreted as estradiol sulfate in 393 feces (Wasser et al., 1994) , making this a likely explana-394 tion for our results. The rate of deconjugation may be 395 increased by storage in highly ethanolic solutions because 396 conjugates are more stable in aqueous solutions (Ziegler, 397 personal communication Temporal pattern refers to predicted pattern of concentrations measured in samples assayed at time intervals. HPLC refers to the predicted results for each type of chemical change when samples are analyzed by high performance liquid chromatography and the subsequent fractions analyzed with RIA. Depending on the exact method, HPLC can generate 40 fractions. RIA determines which of the 40 fractions are immunoreactive and the relative concentration of immunoreactive compounds in each fraction. The location (e.g., fractions 2, 8, and 20 are immunoreactive, while the remaining 37 are not) and the magnitude (i.e., concentration) of fractions changes according to the chemical changess occurring in the sample.
a Sequential hydrolysis and solvolysis liberate steroids from their conjugate enabling the measurement of total fecal steroid concentrations (Ziegler et al., 1996; Ziegler et al., 1997a,b) . Alternatively, conjugates, may be stabilized in the field by extracting fecal steroids into an aqueous solution (distilled water:ethanol::50:50, Lynch et al., 2002; Strier and Ziegler, 1997; Strier et al., 1999) . However, further validation is needed to determine if ambient temperature storage of these extracts is feasible.
b A group-specific antibody may be more likely to detect this kind of chemical change than a highly specific antibody. Therefore, time limits on storage in ethanol may vary according to the type of antibody used in the RIA.
